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ABSTRACT: The attempt was made to describe the dynamics of water masses
in the southern part of the Drake Passage and the Bransfield Strait in the time period
from December 1983 to January 1984. The dynamic topography at the surface (referred
to 500 dbar surface) allowed to define the eastward flow of water in the Bransfield
Strait and to observe, in the same region, the presence of a rather weak counter-cur-
rent of the Weddell Sea origin. In the Drake Passage, a general north-eastern direction
of water flow of the Bellingshausen Sea was found. In the Bransfield Strait, as well
as in the Drake Passage, the relative velocities of geostrophic flow were low: 0.22 and
0.06 m s~ !, respectively. The analysis of Rossby and eddy numbers and Rossby radius
made it possible to regionalize the dynamic phenomena but could not be fully used for
their classification.
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- 1. Introduction

Regions of intensive water dynamics create many interesting hydrological
phenomena and also influence the state of plankton concentrations as well
as forms of its occurrence. That is why more and more attention is paid
to such regions, and especially to conditions of their formation. The concurrent
phenomena and their influence on ecological conditions were also of interest
to some authors (Stavn 1971, Witek et al. 1981).

The hydrology of the Bransfield Strait is under influence of phenomena
occurring in waters of the surrounding regions. Waters present on the western
shelf of the Antarctic Peninsula and in the Drake Passage enter the Bransfield

* This work was done within the problem MR-I-29A. The expedition was financed by
the Polish Academy of Sciences and the Sea Fisheries Institute.
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Strait from the north while waters from the Weddell Sea reach it from
the east (Clowes 1934, Gordon and Nowlin 1978).

Nowlin, Whitworth and Pillsbury (1977) distinguish four zones in
the Drake Passage (Fig. 1), starting from the north towards the south:
Subantarctic Zone, Polar Frontal Zone, Antarctic Zone, Continental Zone.
In between these zones there are the following hydrological fronts: Subantarctic
Front, Polar Front and furthest south — the so called Continental Water
Boundary (after Sievers and Emery 1978).

Polish investigations carried out in 1983/84 in the Drake Passage covered
only the Antarctic Zone and the Continental Zone.

East of Bransfield Strait there is a region of confluence of cold water
inflowing from the Weddell Sea with a slightly warmer water flowing
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Fig. 1. Schematic illustration of four zones of water masses and three crosswise fronts in
the Drake Passage (from Cape Horn to Livingstone Island; after Nowlin and Clifford 1982)

through the Drake Passage and coming from the Scotia Sea. This region
was called the Weddell-Scotia Confluence by Gordon (1977) and was
defined in detail by Patterson and Sievers (1980). The bottom topography,
especially the existence of the South Scotia Ridge, where waters from the
Weddell and Scotia Seas mix together, creates favorable conditions for the
formation of the Weddell-Scotia Confluence.

Waters in the Bransfield Strait have a complicated structure of water
masses (First Post Fibex — 1982); this is due to their different origin as
well as different currents circulation (Gordon and Nowlin 1978). Very often
waters from the Weddell Sea flow westwards along the Antarctic Peninsula
and they even reach the Trinity Island. These waters on their way, most

probably, mix together with waters inflowing into the Bransfield Strait
through the Gerlache Strait (Clowes 1934).



2. Material and methods

The analysiss of water masses dynamics was based on the results of
temperature and salinity measurements. The measurements were performed
with STDO Bissett-Berman sound (model 9040) at 73 hydrological stations
out of which XIII hydrological profiles were separated. The investigations
were carried out in the Drake Passage, the Bransfield Strait, the Weddell
Sea in the time period from December 10, 1984 to January 08, 1984
(Fig. 2).

The horizontal distributions of distinguishing, characteristic parameters,
being typical for the entire region and not only for particular existing
water masses, were chosen to show the extent of Weddell Sea waters in
the investigated area. On the basis of the analysis of temperature and
density distributions in particular sections the isotherm —0.8°C and isopycne
o,=27.5 were chosen to show on maps their depth of occurrence (Figs.
3,5). Temperature and density distributions allowed to designate the extent
of Weddell Sea waters in the deep layers. Additionally salinity distribution
was used to define the extent of this water at the surface (Fig. 4).

The dynamic depths, referred to 500 dbar level, were calculated and the
method described by Zubovand Mamaev (1956), was used. These calculations
allowed to draw the map of surface geostrophic currents and thus to
describe the water movements. The dynamic depths were used for the
calculations of the velocity of geostrophic currents and further for the calculation
of volume transport at chosen sections (Fig. 7). In diagrams shown in Fig.
7. the unit 10° m® s~ ' was accepted and additional numbers on the
diagrams show the amount of flowing water at particular sections. The
area of each rectangle in Fig. 7 is proportional to volume transport of water
between particular stations, while the height of each rectangle is proportional
to flow intensity.

The large size of the investigated region and big distances between
hydrological stations did not allow to classify univocally the dynamic
phenomena. In the light of these facts the term “eddy” seems to be
controversial sometimes and that is why in the text term “whirl” was used
instead.

When defining the scale of dynamic phenomena in characteristic areas
with significant condensation or deflection of isolines of heights of dynamic
topography the analyses of Rossby number (R,) and deformation Rossby
radius R, (R; — according to Pedlovsky 1979), were used.

The Rossby number was calculated from the formula:

Vimax
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where:
Vmax — the highest linear geostrophic velocity,
r — the whirl radius (distance between V,,, and te supposed axis of rotation),
f — Coriolis parameter.
The deformation Rossby radius was calculated from the formula:

A4
Ry= gl 7H)

| —

where:

g — acceleration of gravity,

H — thickness of the layer in which the disturbed density distribution was
observed,

Ao — vertical change of density at the distance H.

The coefficient being the ratio of deformation radius (R,;) and whirl radius

(r,) was also calculated on the basis of Nof’s formula:

R4

o

= [Ro_(l ’—Ro):3] "

_This coefficient was independently calculated twice; once using the Nof’s
*formula (Rj/r,) and the second time on the basis of the ratio Ry/r where:
R, — was calculated according to Pedlovsky’s formula, and

r — was found from the density profiles (as a horizontal radius of whirl).
Having these two numbers, it was possible to check the correctness of all
assumptions leading to the determination of parameters characterizing the
whirls and other disturbances of flow.

Additionally, the whirl numbers N, reflecting the horizontal structure of
water density, were calculated for the regions with complicated dynamic
topography. According to Wyrtki et al. (1976), these regions show elevated
values of kinetic energy and thus there is considerable possibility for whirls
occurrence. The eddy numbers (Ng) were calculated from the formula:

_ D-10?
R 2

where:

D — difference between dynamic heights in whirl and surrounding waters,
R — eddy radius.

Wilkinson (1972) calculated the eddy number for well developped eddies
in different oceans in the zones: 29°S to 40°S and 29°N to 40°N and found
that it equaled 3.55x 10" 2. Reckoning of this eddy number for the region
of the Bransfield Strait, taking into account the different Coriolis parameter,
gave the result:

N-=147x10"2
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3. Results

Temperature and salinity are characteristic parameters on the basis of
which it was possible to deduce the origin and transformation of water
masses. Horizontal and vertical distribution of density which are the function
of temperature and salinity gives a reflection of dynamic processes taking
place in water.

The depths of occurrence of isotherm — 0.8°C are shown in Fig. 3;
they present the extent of penetration of Weddell Sea Water in the Bransfield
Strait. In this figure only depths below which the temperature decreases
were marked but areas where temperatures below —0.8°C were only related
to seasonal occurrence of thermal minimum in the winter modification
of Antarctic Surface Water were not marked (below this minimum temperature
increases).

Waters in the investigated part of the Weddell Sea were characterized
by low temperatures and the isotherm —0.8°C was present at the surface
in the most part of that region. On the shelf, along the Antarctic
Peninsula, waters were generally warmer and this isotherm was not observed.
In the middle part of the Bransfield Strait, along the axis, it was observed
at the depths from 100 to 200 m, while in the northern part of the Strait.
along the South Shetlands Archipelago. it occurred much deeper and the
maximum depth of 650 m was noted in the vicinity of Livingston Island.

The distribution of salinity at the surface (Fig. 4) gives additional
information on the distribution and extent of water masses of the Weddell
Sea origin. According to Patterson and Sievers (1980) waters of the
Weddell Sea and waters being under the Weddell Sea influence are distin-
guishable by increased surface salinity. The highest surface salinity of 34.6 x
1073 was observed near d’Urville Island and a little bit lower, but still
high (34.5x107?%), on the shelf of the Antarctic Peninsula. High salinity
values weré observed in the investigated part of the Weddell Sea between
Elephant Island and the South Orkney Islands and also in the whole
Bransfield Strait where the condensation of surface isohalines makes a
characteristic front. In the Drake Passage and on the western shelf of the
Antarctic Peninsula the surface salinity values were lower (to 34.0 x 10~ ),
but typical for the Antarctic Zone (Atlas Antarktiki 1969). In the Continental
Zone, on the northern side of the South Shetlands Archipelago, and towards
the north of the Elephant Island, the salinity values ranged from 34.1
to 34.2x 103,

The distribution of spatial occurrence of isopycnes of denstity o, =27.5

signifies the baroclinic density distribution at particular profiles (Fig. 5).
This isopycne (g, = 27.5) was chosen to compare water masses in the layer
down to 500 m”in the largest possible area.
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Fig. 5. Depth (m) of occurrence of isopycne % =27.5.
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Waters of the Weddell Sea origin, in the biggest part of the investigated
region, showed a surface density higher than 27.5 with the highest value
of 27.8, observed in the region of Joinville Island. In the Bransfield Strait,
the isopycne 27.5 lay along its axis and spread out from Tower Island
to Elephant Island. Towards the north from its position in the Bransfield
Strait, there was observed the significant sinking of 27.5 density plane
(down to 150 m), and thus oblique arrangement of isopycnes which is
characteristic for well formed hydrological front. In the Drake Passage,
northwards from King George Island, the next and relatively rapid sinking
of isopycne 09=27.5, from 100 to over 200 m, was observed. This fact
reflects the occurrence of convergence in Antarctic.

The map of geostrophic currents (Fig. 6) referred to 500 dbar, allows
for a quantitative description of water flow direction in the investigated
region. Generally, waters in the Drake Passage as well as in the Bransfield
Strait have northeastern direction of flow. In the Drake Passage, two
anticyclonic whirls, reflected in the deflection of isolines of dynamic depth,
were observed. One of them was noted northwards from Smith Island,
the other — northwards from King George Island.

In the Bransfield Strait near the South Shetlands Archipelago, the con-
densed distribution of isolines was observed, while in the region close to
Antarctic Peninsula — a very small differentiation of dynamic heights was

found.

The broad cyclonic deflection of isolines of dynamic depth was noted
between Elephant Island and the South Orkeny Islands and less extensive
but also characteristic deflection of isolines was found in the entrance of the
Bransfield Strait where waters outflow towards the Weddell Sea.

The diagram of water transport at particular profiles (Fig. 7) gives
additional information to charts of geostrophic currents and shows water
balance for main currents and counter-currents. \

The highest value of water flow (1.64x10° m® s~ ') was observed at
profile II. It is worthy of notice that at section III there occurred a counter-
current which was not visible on the map of surface geostrophic currents.

In the region of the Palmer Archipelago, in the 0—500 dbar layer at
section V, the main flux was observed out of the shelf while at sections
VI and VII it was on the shelf but over the localities with greater depths

of 800—1000 m.

In the Bransfield Strait the eastward flow of 1.08 x 10° m?® s~ ' with the
main flux pronounced along the islands was observed and it was visible
at section IX in the cyclonic deflection of the geostrophic current.
At the same time the westward flow of 0.46x10° m® s~ ' was found.
In the remaining part of the Bransfield Strait (profiles X, XI), the dominating

eastward flow of 1.2x10° m? s~ ! was observed again. Simultaneously the
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Fig. 7. Transport of water masses (10° m® s~ ') in the layer 0—500 dbar at particular thirteen profiles.


















